2 24 Abstract 25 Kuwait is a semi-arid region with harsh climatic conditions with poor available soil nutrient 26 essential for the growth of plants. Kuwait's ecosystem is relatively N-poor ecosystem when 27 compared to the other ecosystems. Biological nitrogen fixation (BNF) is a spontaneous process in 28 which diazotrophic bacteria fixes the atmospheric nitrogen directly in to the bionetwork. At 29 present, there is limited information on free-living and root associated nitrogen-fixing bacteria, 30 their potential to fix nitrogen to aid natural plant communities in the desert of Kuwait. In this study, 31 free-living N 2 -fixing bacteria were enriched and isolated from the rhizospheric soil of three 32 keystone native plant species of Kuwait; such as Rhanterium epapposum, Farsetia aegyptia, and 33 Haloxylon salicornicum. Root associated bacteria were directly isolated from the root nodules of 34 Vachellia pachyceras. In this study, a number of free-living and root associated dizotrophs were 35 isolated from various rhizospheric soils of three native shrubs and root nodules from one tree 36 species. The screened isolates were assessed for nitrogen-fixing ability and identified using 37 Acetylene Reduction Assay (ARA) and 16s rRNA gene sequencing, respectively. Our study 38 successfully identified all the 50 nitrogen-fixers isolated initially and out of that, 78% were 39 confirmed as nitrogen-fixers using ARA. Among the identified nitrogen fixers, the genus 40 Rhizobium is dominant in rhizospheric soil of Rhanterium epapposum, whereas Pseudomonas and 41 Rhizobium are dominant in the rhizospheric soil of Farsetia aegyptia, and Haloxylon salicornicum 42 respectively. The species Agrobacterium tumefaciens is found dominant in the root nodules of V.
207 tree. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-208 Joining and BioNJ algorithms to a matrix of pairwise distances estimated using the Maximum 209 Composite Likelihood (MCL) approach, and then selecting the topology with superior log 210 likelihood value. All analyses were followed by a 1000 bootstrap replicates [33] . Bayesian 211 inference of phylogeny was calculated with MrBayes program, assuming a 4 by 4 model and a 212 non-variable substitution rates among sites -gamma rates. Analyses were based on 2 runs of four 213 Markov chain Monte Carlo analyses where 2, 000, 000 generations were generated, burning 214 fraction at 0.5 rate and sampled every 100 generations for a total of 10, 000 trees generated [34] .
Results

Isolation and primary screening of diazotrophic communities
217 Free-living nitrogen-fixing diazotrophs were isolated from various rhizospheric soils of three 218 native shrubs and root nodules from one tree species. A total of 9, 13, and 22 morphologically 219 different pure bacterial strains were isolated from the rhizospheric soil of Rhanterium epapposum, 220 Farsetia aegyptia, and Haloxylon salicornicum, respectively. In contrast, a total of 61 pure cultures 221 with different morphotypes were isolated from the root nodules of Vachellia pachyceras. The 222 results indicates that several species of potential free-living nitrogen fixing bacteria may present 223 in Kuwait desert soils around the selected plant species (Table 1) .
224
For the primary screening of diazotrophic bacteria, nitrogen free Malate media with 225 bromothymol blue (BTB) was used as an indicator for potential N 2 -fixers. In this process, the 226 diameter for the blue colored producing zone of each bacterial isolate were recorded. About 70, 227 77, and 73 % of the bacterial isolates were isolated from the rhizospheric soil of Rhanterium 228 epapposum, Farsetia aegyptia, and Haloxylon salicornicum, respectively, and were found positive 229 for potential nitrogen fixer strains through primary screening. However, around 38% of the 230 bacterial isolates from the root nodule of Vachellia pachyceras were found positive for potential 231 nitrogen-fixer strains. Various diameter of colorization zones were recoded from the bacterial 232 isolates ranged from 0.1 cm to 3.6 cm (Table 1) . 
447
A curious observation revealed during identification of isolated bacterial strains (Table 2) 448 using molecular techniques. Unexpectedly, the rhizobacterial strains isolated from root nodules of 449 Vachellia pachyceras (Ac) from Sulaiyabia, which were initially identified as Rhizobium 450 radiobacter in Biolog Gen III Microbial Identification System and recorded as positive for N 2 -451 fixation initially by plate test, was interestingly identified as Agrobacterium tumefaciens (Table 2) 452 under molecular identification. Several reports indicated that the strain Agrobacterium 453 tumefaciens is synonym of Rhizobium radiobacter [46] . Indeed this is a noteworthy observation 454 and further investigation is necessary to confirm if Agrobacterium tumefaciens may also have the 455 ability to fix atmospheric nitrogen under desert environment. The observation from this study also 456 indicates that biochemical test (Biolog®) for microbial identification may not be the most reliable 457 test for authentic identification.
458
Agrobacterium tumefaciens is a gram-negative bacterium belonging to the family 459 Rhizobiaceae and known to produce crown gall disease in roots of many plants in natural 460 environment. A. tumefaciens can live freely in soils, root surface, and inside the plants as parasite.
461 In this investigation, a structure resembles to root nodule often found in Leguminaceae plant roots 462 was observed and assumed similar to typical nitrogen-fixing root nodules produced by Rhizobium 463 sp. A few literatures reported that although A. tumefaciens is known as pathogenic bacterium for 464 crown gall formation in roots, this bacterium was also found as similar to diazotrophs and report
